Addition of lithium organyls to sterically hindered para-quinols leads to 1,2-or 1,4-adducts. The 1,4-addition prevails, if the 4-substituents in the quinol and the organic group in the lithium organyl are large. Four 1,4-addition products (2-cyclohex-2-en-l-ones) are synthesized and their structures investigated by NMR spectroscopy. The aryl groups at C-4 and C-5 acquire equatorial positions, the alkyl group at C-6 is bisectional. These results are confirmed by Xray analysis of 2,6-di-terr-butyl-4-hydroxy-4,5-diphenylcyclohex-2-en-1 -one, revealing a twist boat conformation of the cyclohexene ring.
Introduction
We have reported earlier that /?«ra-quinols 1 add lithium -organic com pounds (2.0 -2.5 equivalents, di-/7-butyl-ether, 60 -120 °C) to give m ainly 1,2-addition products 2 (6 -92% ), besides 1,4-addition products 3 (4-20% ) and oxepins 4 (up to 20% ) [1 -6] . W ith 1.0 equivalent o f lithium -organic com pounds or potassium te rt-butylate quinones 5 are obtained via base-catalyzed acyloin rearrangem ent o f the quinolate anions (53 -100%) [4] .
The 1,2-addition products 2 can be transform ed by acid either into the oxepins 4 , the o rth o -cyclohexadienones 6 or the phenols 7, depending on the am ount o f acid present and on the reaction * Reprint requests to these authors.
conditions [1 -6] . The reaction sequence generally is in the order 2 -^4 -> 6^7 or 2 -> 6^7 . The step 4 -> 6 can also be perform ed therm ally w ithout acid [3] . M eantim e, sim ilar observations have been reported by other authors [ 7 -1 0 ] .
In this paper, we w ish to discuss the factors deter m ining the ratio o f 1,2:1,4-addition and to confirm the structure and configuration o f the 1,4-addition products.
1.2-vs 1,4-Addition
Influence o f the su bstitu en ts R a n d R l
It is expected that the 1,2-addition to the sterically hindered carbonyl group in 1 depends on the steric requirem ents of the group R 1 o f the lithium organyl.
If we use the sm all M eLi, steric effects in the quinol 1 should not play a decisive role, i. e. 1,2-addition to the carbonyl group should not be at a dis advantage with respect to the 1,4-addition. Indeed, after alcaline hydrolysis o f the reaction m ixture, the 1.2-adducts 2 (R 1 =M e) are isolated in 84-92% yield [3, 6] . W ith larger groups in the lithium organyls (phenyl, 4-tolyl, 3-tolyl) the yields o f 1,2-adducts 2 are sm aller (generally 45-60% ) [3 -6] , and the 1,4-adducts are form ed as byproducts (8-13% ) (see Table I ); w ith 2-tolyl-or m esityllithium neither pri mary 1,2-nor 1,4-adducts could be obtained; the structure o f the reaction products has not yet been determ ined. J 60 MHz, CDCI3; b 400 MHz, CDCI3; c broad multiplet; d 0.16 molar CöHs-Li; in addition 46% 2c (R = fBu, R 1 = CftHs);e 0.56 molar CöHj-Li; in addition 9% 2c (R = fBu, R 1 = CöHs); 1 in addition 48% 2d (R = R1 = CöHs); g multiplet, partly broadened.
In addition, the size o f the substituent R in 4-position o f the quinol is o f influence. Large groups R, as phenyl or fm -b u ty l, shield the carbon atom 5 o f the ring m ore than a m ethyl group. Thus, under com parable conditions, the yields o f the 1,4-adducts are highest w ith R = M e (12-15% , see Table I ).
In the reaction o f quinol la (1: R = M e) with 4-tolyllithium in addition to 3b (3: R = Me, R 1 = 4-Tolyl) the exom ethylene adduct 8 is form ed in 8% yield, presum ably by dehydration o f the corre sponding 1 ,2 -adduct.
Influence o f the con cen tration o f R 1 Li
The relative am ount o f 1,2:1,4-addition depends also on the a ctu a l con cen tration o f the lithium organyl. Thus, the reaction o f lc (1: R = fBu) and Id (1: R = C 6H 5) w ith 0.16 M phenyllithium (2.5 equiv alents) in di-/2-butylether at 60°C produces after 4h 46% 2c (2: R = fBu, R 1 = C 6H 5)/20% 3c (3: R = fBu, R 1 = C 6H 5) and 48% 2d (2: R = R 1 = C6H 5)/4% 3d (3: R = R 1 = C 6H 5), respectively. W ith a 0.56 M phenyllithium solution (again 2.5 equivalents), the yields starting w ith lc are 9% 2c/66% 3c.
The given m olarities o f phenyllithium refer to the situation at the beginning o f the experim ent, im m ediately after m ixing the solution o f 1 in di-nbutylether w ith phenyllithium in diethylether. Due to evaporation o f som e o f the diethylether and useup o f the reagent, the concentration will vary with tim e. The results are probably due to steric effects, since phenyllithium is m ore strongly associated at higher concentrations, corresponding to a larger " size" , favoring the 1,4-addition [11, 12] . 
Structure of the Reaction Products
The structure o f the 1,2-adducts 2, the oxepins 4 and cyclohexadienones 6 has already been dis cussed [3] . The 1,4-adducts 3 are isom ers of 2, as shown by elem ental analysis and m ass spectro metry. In the IR spectra, there is an O H -absorption betw een 3440 and 3550 cm -1 w hich is character istic o f a non-hindered O H -group. In addition, a carbonyl-absorption at 1654-1670 c m -1 excludes a diol-structure. In the 'H N M R spectra the absorp tion o f tw o te rt-butyl groups (6 = 0.82-0.87 and 1.24-1.30 ppm ), o f an olefinic proton (6 = 6.28-6.79 ppm) and an O H -group (6 = 1.24-2.03 ppm ) is in agreem ent with structure 3. The te rt-butyl signal at low field m ust be attributed to the te rt-butyl group at the alkene carbon C-3, the one at higher field belongs to the group at C -6 . In addition, AB type spectra of the tw o vicinal aliphatic protons H'' and H 6 (J = 7-8 Hz) are also observed. For the related com pound 9, obtained by reduction o f Id (1: R = C 6H 5) with N aB H 4 in m ethanol [13] , iH6/H5e -4.2 Hz, ^h6/H5a -13.5 Hz. As a consequence, both pro tons in 3 must be arranged axially.
The H5-signal is shifted to low er field (3.02 -3.49 ppm) by the param agnetic anisotropy o f the 5-aryl ring. The high-field shift o f the signal o f H 6 (2.65-2.90 ppm ) m ay be explained by a d iam ag netic anisotropic effect o f the neighbouring car bonyl group w hich seems to overcom pensate the inductive effect o f that group. From 2D -N M R spec tra it can be seen that the shifts o f C-5 (6 = 46-54 ppm ) and C -6 (< § = 60-64 ppm ) follow the opposite order. The assignm ent o f H 5/H 6 is further supported by the fact that the doublet o f H 5 is som ew hat b road ened. Actually, one would expect an additional cou pling of H 3 w ith H 5. Such a coupling (J = 2.2 Hz) is observed in the com pound 9, however, only w ith the equatorial H 3e. This again supports the above assum ption that in 3d H5 is in axial position.
The total configuration o f the 1,4-adducts 3 can not definitely be determ ined by 1H NM R. A ccord ing to Dreiding m odels, there are at least tw elve possible arrangem ents, eight o f them can be ex cluded for steric reasons, tw o are ruled out due to the size of the dihedral angle. The two stereoiso mers I and II rem ain from these considerations as the most probable ones.
For 3c with a large group R (R = tB u), the m ost probable configuration will be I: the 6 -tert-b u ty \ group as well as R and R 1 are arranged equatorially. Moreover, the 5-aryl ring is "perpendicular" w ith respect to the cyclohexene ring and thus ar ranged sym m etrically betw een the adjacent tertbutyl groups. H ence, the 'H N M R signals o f 4-rBu and 6 -rBu practically coincide even at 400 M H z (in the l3C NM R spectra their signals are separated by 14 Hz at 100 M H z), w hich w ould not be expected for configuration II. W ith a configuration sim ilar to I it is also possible to explain the characteristic trend o f zAz/ab of H VH6 in 3a -d (R is an aryl ring in each case). The largest difference is observed w ith 3c, /. e. for a large R (= rBu). W ith decreasing size o f R, Fig. 1 . Plot of molecule 3d along with the atomic num bering scheme. The ellipsoids represent 50% probability.
A v ab is dim inished (from both sides) and is sm all est for 3a and 3b (R = Me). Apparently, the large substituent 4-rBu in 3c not only causes the above m entioned tw isting of the 5-aryl ring but also an in tram olecular van-der-W aals interaction w ith proton H 5, responsible for an additional low -field shift of the A signal. If 4-rBu is replaced by the sm aller Me group, the van-der-W aals repulsion is dim inished and, sim ultaneously, the 5-aryl ring is less tw isted w ith respect to the cyclohexene ring. Both effects cause a high-field shift of the H5-signal and a lowfield shift of the signal of H6 (sm aller diam agnetic anisotropy effect o f 5-aryl), in agreem ent with the 1H N M R spectra. The rotation of the 5-aryl ring is hindered, as can be seen from dynam ic NM R effects (line broaden ing, coalescene) at room tem perature for the orth oand m^ta-protons and carbon atom s o f the ring, de pending on the frequency (60, 2 5 0 ,4 0 0 M H z) used. T he activation barriers were not determ ined quanti tatively. C om parison of the spectra o f 3c -d, how ever, reveals that the barrier is highest w ith 3c. This result agrees well w ith the above considerations.
In order to prove the structural conclusions defi nitely, the crystal structure o f 3d (R = R 1 = C 6H 5) was determ ined. The com pound 3d crystallizes in the m onoclinic space group P2]/c with 4 m olecules in the unit cell. It is present as the racem ic form due to the centrosym m etric space group. The cyclohexenone ring exhibits the tw ist boat conform ation 2T 4 [14] confirm ed by the pucker ing param eters Q = 56.3 pm, 0 = 79.5° and <P = 199.6° [15] and the endocyclic torsion an gles (see Fig. 2 ). In the parent cyclohexene a tw isted half-chair conform ation [16] was observed.
01
The deviation o f the conform ation o f 3d can be explained by steric effects, since the sim i lar but less-hindered 2,4,5,6-tetram ethyl-4,5,6-trinitro-cyclohex-2-en-1 -one [ 17] still shows a slightly tw isted half-chair arrangem ent. The aryl groups at C -4 and C-5 in 3d are in equatorial positions, the alkyl group at C -6 is bisectional [18] . An interest ing aspect for the interpretation o f the N M R spectra are the dihedral angles [19] H 5 -C 5 -C 6 -H 6 with -1 5 0 .6° and C 1 7 -C 5 -C 6 -H 6 with -3 2 .7 0°. From the dihedral angle o f ca. -1 5 1° a coupling constant 7H5H6 betw een 7 and 11 Hz can be derived from the K arplus curve, w hich agrees well w ith the value o f 7-8 Hz found experim entally. Furtherm ore, interm olecular H -bonds 0 2 -H 2 -0 1 ' are observed w ith a distance 0 2 --0 1 ' o f 298 pm and an angle 0 2 -H 2 -• 0 1 ' o f 152.8° (see Fig. 3 ).
Experimental Part

General:
IR spectra were obtained with a Perkin-Elmer 21 spec trometer. -NMR spectra were performed with Varian A-60 (60 MHz), Bruker AC 250 (250 MHz) and WM 400 (400 MHz) spectrometers using TMS as standard. Mass spectra were recorded with a MS9 of AEI. direct insert 
General m ethodfor the preparation of2,6-di-tert-butyl-l-R 1 -4-R-cyclohexa-2,5-dien-l,4-diols (2) and 2,6-di-tertbutyl-4-hydroxy-4-R-5-R' -cyclohex-2-en-1 -ones (3)
2.5
Equivalents of the lithiumorganyl in ether were added, drop by drop, to 3.0 g of the 2,6-di-rm-butyl-4-R-4-hydroxy-cyclohexa-2,5-dien-l-one 1 {para-quinol) in 50 ml of di-fl-butylether with stirring under N2-atmosphere at 60°C. After 4 h of stirring at this temper ature, the solvent was evaporated in vacuo. The residue was dissolved in a small amount of methanol, treated with saturated aqueous NH4CI solution until a pH of 8 was reached, and cooled to 0 -5°C. The reaction products were filtered off or extracted with ether and recrystallized from petroleum ether or methanol.
2.6-Di-tert-butyl-4-hydroxy-4-methyl-3-phenyl-cyclohex-5-en-l-one (3a)
3.0 g (13 mmol) of para-quinol la (R = Me), treated with 2.5 equivalents of phenyllithium as described above, (2) 5056 (4) 3385 (2) 763 (3) 47(1) C (3) 5941 (4) 3088 (2) 459 (3) 54(1) C (4) 7121 (3) 3476 (2) 537 (3) 43(1) C (5) 7680 (3) 3949 (2) 1757 (3) 44(1) C (6) 6638 (3) 4448 (2) 1859 (3) 46(1) C (7) 3804 (4) 2996 (2) 546 (4) 62(1) C (8) 3213 (4) 3282 (3) 1408 (4) 92(2) C (9) 2832 (4) 3131 (2) -819(4) 88(2) C (10) 4006 (5) 2174 (2) 733 (6) 127(2) C (ll)
8123 (3) 2933 (2) 532 (3) 43(1) C ( 12) 8482 (4) 2352 (2) 1376 (3) 52(1) C (13) 9433 (4) 1869 (2) 1434 (4) 62(1) C ( 14) 10047 (4) 1964 (2) 664 (4) 64(1) C (15) 9683 (4) 2528 (2) -183(4) 61(1) C ( 16) 8734 (4) 3005 (2) -232(3) 49(1) C ( 17) 8898 (4) 4334 (2) 1868 (3) 47(1) C (18) 10097 (4) 4044 (2) 2608 (4) 59(1) C ( 19) 11219 (4) 4367 (3) 2692 (4) 70(1) C (20) 11155 (5) 4997 (3) 2032 (4) 74(1) C (21) 9967 (5) 5288 (2) 1287 (4) 71(1) C (22) 8856 (4) 4967 (2) 1209 (4) 57(1) C (23) 6848 ( Crystal structure determination o f 3d
All X-ray investigations were performed on an au tomated four-circle diffractometer CAD4-T (ENRAF-NONIUS, Delft) with graphite-monochromated MoKaradiation at room temperature. A colorless single crystal of approximate dimensions 0.25 x 0.20 x 0.07 mm was mounted on a glass fibre. The lattice parameters were determined by refinement of the diffraction geometry of 100 precisely centered high-angle reflections. Intensity
